Anion Motions
The mean squared angular displacement (MSAD) of anions in each of the given states were calculated according to the method of [Edmonds et. al., PNAS, 109(44), 17891-17896, 2012] . The rotational motion of a unit vector u is determined by first determining the instantaneous axis of rotation of the vector rotation, give as the cross-product u(t) × u(t + ∆t), and the magnitude of the angular displacement ∆ϕ(t), given as |∆ϕ(t)| = cos −1 (u(t) · u(t + ∆t)). The total angualar displacement then, is calculated via the integral:
The MSAD then is simply
If we were to consider only one unit vector, we would likely miss some of the important rotations in 3D. Instead we consider three orthogonal unit vectors in each of the anions and average the MSADs to obtain the complete MSAD. For acetate we consider the O-O vector, the C-C vector and the cross product of these two vectors. For dimethylphosphate we consider the vector between the POO − oxygens, the bisector of this OPO angle and the cross product of these two vectors. 
